


















 High diversity of species (Zedler and Kercher 2005)
 12% global Carbon reserve (Mitra et al. 2005)
 32% CH4 emission  wetlands (IPCC 2014)
 10% global ecosystem services and goods (Costanza et al. 1997)






Ebro River floodplain ‐ Juslibol (June, 2014)
FLOODPLAINS
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 … and what about ecosystem functioning? and provided services?
 Do restored ecosystems support similar or different species than natural ecosystems?
Is ecological restoration an efficient tool to CONSERVE and RECOVER floodplains?
A great challenge  conserve biodiversity, functionality and, ultimately, ecosystem services
Traditional assumption…
 Ecological RESTORATION projects only assess STRUCTURAL aspects
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 Improving structural aspects not always entails improving functional aspects







• Main water resource 97%
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STRUCTURE











































• To assess the effect of ecological restoration measures in the BIODIVERSITY and
FUNCTIONALITY of surface and groundwater ecosystems in the floodplain of a
large regulated Mediterranean river.
We aim…
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• To assess the effect of ecological restoration measures in the BIODIVERSITY and
FUNCTIONALITY of surface and groundwater ecosystems in the floodplain of a

















• Drainage basin surface = 85,534 km2
• Discharge = 426 m3/s
• Temporary pools and oxbow wetlands (relict)














Construction of wetlands C1a, C1b, C2a, C2b y C3
ECOLOGICAL RESTORATION 
MEASURES  (experimental)




Juslibol (C2a) Juslibol (C2b)
Los Galachos (C1a) Los Galachos (C1b)
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Constructed wetlands
Los Galachos (C3)




















Land use changes Recovery of riparian forest corridors
in decline of agricultural areas  Soto de Nis
ECOLOGICAL RESTORATION 
MEASURES  (experimental)
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Soto de Nis (EBRO River)
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‐ Composition of traits


















 Benthic level:    Net Ecosystem Production (NEPc)
Closed chambersmethod  light & dark
 Pelagic level :     Net Ecosystem Production (NEPw)
Winkler bottlesmethod  light & dark
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‐ Composition


























 Biogeochemical filtration capacity
 Particulate organic matter (POM) 
breakdown capacity
 Composition of FFG
 Functional diversity indices
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A complete picture…
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Español C, et al. 2015. Constructed wetlands increase the taxonomic and functional
diversity of a degraded floodplain. Aquatic Sciences, 77:27‐44.
 Chapter 3:
Español C, et al. 2013. Is net ecosystem production higher in natural wetlands relative
to constructed wetlands?. Aquatic Sciences, 75:385‐397.
 Chapter 4: 
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Temperature (Temp) (ºC) 21.2 ± 0.6 18.1 ± 1.7
pH 8.08 ± 0.34  7.68 ± 0.20
Conductivity (EC)   * (µS/cm) 2695 ± 2455 2645 ± 1108
Dissolved oxygen (O2)   * (mg/L) 9.2 ± 1.9 9.5 ± 1.7
Total suspended solids (TSS)   * (mg/L) 20.2 ± 16.9 32.5 ± 17.6
Total dissolved solids (TDS)   * (mg/L) 2494 ± 2254 2407 ± 1277
Chlorophyll a (Chla)   * (µg/L) 5.59 ± 3.60 14.30 ± 14.35
Organic matter (OM)   * (mg/L) 6.74 ± 3.56 11.20 ± 5.35
Total organic carbon (TOC)   * (mg/L) 7.83 ± 4.33 19.73 ± 3.60
Nitrates (NO3)   * (mg/L) 2.28 ± 3.08 7.55 ± 11.00
Dissolved inorganic nitrogen (DIN)   (mgN/L) 2.44 ± 2.36 2.50 ± 2.75
Sulfate (SO4)   * (mg/L) 719 ± 695 760 ± 551
Soluble reactive phosphorous (SRP)   (µgP/L) 0.7 ± 0.5 1.8 ± 1.6
Total dissolved phosphorous (TDP)  * (µgP/L) 14.7 ± 3.4 22.1 ± 8.7
Consistent seasonal patterns
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 Community was more abundant and diverse in Spring
MACROINVERTEBRATE COMMUNITY
 Abundance, Taxonomic Richness , Taxonomic Shannon diversity index, Functional Richness
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Constructed wetlands
Species Composition:
 Chironomidae the most abundant






















 Passive dispersal strategies
 Feeding habits based on fine 
particles and microorganisms
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MACROINVERTEBRATE COMMUNITY
Español et al. 2015, Aquatic Sciences
Linear Mixed Effect models (LME)
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Linear Mixed Effect models (LME)
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 NEPw reached the highest values in habitats of open water (fine sediment)
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59Español et al. 2013, Aquatic Sciences
Constructed wetlands Natural wetlands
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Constructed wetlands Natural wetlands
61Español et al. 2013, Aquatic Sciences
Generalized Additive Models (GAM)
Benthic level:
ECOSYSTEM PRODUCTIVITY
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GREENHOUSE GASES EMISSION




 Methane emission rates were about 2‐40 times higher in natural than in constructed wetlands
 CONS < NAT
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GREENHOUSE GASES EMISSION
Generalized Additive Models (GAM) 
64
 Physicochemical water conditions and hydrological factors explained provide appropiate
grounds to evaluation CH4 emission rates explaining 62 – 83% of the total deviance
Introduction Objectives Methods ConclusionsResults ‐Wetland creation Results ‐ Land use change
GREENHOUSE GASES EMISSION
Generalized Additive Models (GAM) 
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 CH4 emission rates generally increased with increasingwater temperature Seasonality




 CH4 emission rates generally increased with increasing phosphorous compounds (TDP)               
water eutrophication primary productivity




 CH4 emission rates generally increased with increasing hydrological isolation (DLC) 
hydrological control 










Low net ecosystem production rates
Summary:
¿Does wetland restoration improve the structure and functionality of degraded
floodplains?
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 Chapter 2: 
Español  C, et al. (under review). Does land use impact on groundwater invertebrate
diversity and functionality in alluvial wetlands?. Ecological Engineering.
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GROUNDWATER PHYSICOCHEMICAL CHARACTERISTICS
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Temperature (Temp) ºC 14.2 13.8 16.3* 14.0* 15.1 14.1 17.5 17.6
pH (pH) 7.02 6.9 6.9* 7.4* 6.5 6.5 7.1 7.1
Dissolved oxygen (O2) % 65.6* 29.9* 24.1 16.7 37.7 38 42* 26*
Conductivity (EC) µS/cm 945 901 3464* 1618* 367 397 2234* 2493*
Oxidation‐reduction 
potential (ORP)
mV 252 195  104* 68* 98 163 118 116
Dissolved organic 
carbon (DOC)
mg/L 0.7 1.2 13.9* 8.6* 3.3 3.1 1.6 1.9
Alkalinity (Alk) meq/L 5.3 * 6.0 * 6.4* 5.3* 3.1 3.2 5.8 6.0
Phosphate (PO4) µg/L 9.3  9.7 2.7* 16.5* 5.1 3.6 182 160
Ammonium (NH4) µg/L 7.9  106.4 0.004* 10.5* 3213 176 200 240
Nitrate (NO3) mg/L 76.9 * 47.3 * 34.7* 10.1* 9.2 8.7 32 39
Sulphate (SO4) mg/L 67.4 64.8 1411* 451* 22 32 924 1009
Silica oxide (SiO2) mg/L 13.0 11.4 18.7* 7.7* 9.4 12.9 15.2 14.8
 Seasonal sampling
Introduction Objectives Methods ConclusionsResults ‐Wetland creation Results ‐ Land use change
74



















Temperature (Temp) ºC 14.2 13.8 16.3* 14.0* 15.1 14.1 17.5 17.6
pH (pH) 7.02 6.9 6.9* 7.4* 6.5 6.5 7.1 7.1
Dissolved oxygen (O2) % 65.6* 29.9* 24.1 16.7 37.7 38 42* 26*
Conductivity (EC) µS/cm 945 901 3464* 1618* 367 397 2234* 2493*
Oxidation‐reduction 
potential (ORP)
mV 252 195  104* 68* 98 163 118 116
Dissolved organic 
carbon (DOC)
mg/L 0.7 1.2 13.9* 8.6* 3.3 3.1 1.6 1.9
Alkalinity (Alk) meq/L 5.3 * 6.0 * 6.4* 5.3* 3.1 3.2 5.8 6.0
Phosphate (PO4) µg/L 9.3  9.7 2.7* 16.5* 5.1 3.6 182 160
Ammonium (NH4) µg/L 7.9  106.4 0.004* 10.5* 3213 176 200 240
Nitrate (NO3) mg/L 76.9 * 47.3 * 34.7* 10.1* 9.2 8.7 32 39
Sulphate (SO4) mg/L 67.4 64.8 1411* 451* 22 32 924 1009
Silica oxide (SiO2) mg/L 13.0 11.4 18.7* 7.7* 9.4 12.9 15.2 14.8
Between Rivers:
 Phosphate and Ammonium concentrations were significantly higher in the alluvial aquifer
of Bidasoa and Tajo Rivers than in Garonne and Ebro Rivers
GROUNDWATER PHYSICOCHEMICAL CHARACTERISTICS
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Between Land‐uses:
 Nitrate and Sulphate concentrations were significantly higher in areas occupied by
agricultural uses than in areas occupied by forest uses
GROUNDWATER PHYSICOCHEMICAL CHARACTERISTICS
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GROUNDWATER MACROINVERTEBRATE COMMUNITY
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 Taxonomic diversity indices
 Functional diversity indices
 Ecosystem services
Garonne & Ebro  >  Tajo & Bidasoa
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GROUNDWATER MACROINVERTEBRATE COMMUNITY
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SIMPER analysis to identify the taxa and FFG that contributed the most to dissimilarity between
land use types (agricultural vs. forest uses)
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GROUNDWATER MACROINVERTEBRATE COMMUNITY
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Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD
Copepoda 1.46 Amphipoda 1.39 Oligochaeta 1.67 Ostracoda 1.44
Amphipoda 1.31 Copepoda 1.22 Amphipoda 1.02
Taxonomic level:   
 Garonne and Ebro Rivers Amphipoda and Copepoda were the taxa that contributed the most to dissimilarity
betwwen land use types (agricultural vs. forest uses)  These taxa were more abundant in forest land uses
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Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD
Copepoda 1.46 Amphipoda 1.39 Oligochaeta 1.67 Ostracoda 1.44
Amphipoda 1.31 Copepoda 1.22 Amphipoda 1.02
Taxonomic level:   
 Garonne and Ebro Rivers Amphipoda and Copepoda were the taxa that contributed the most to dissimilarity
betwwen land use types (agricultural vs. forest uses)  These taxa were more abundant in forest land uses
 Bidasoa River Oligochaetamore abundant in agricultural land use  eutrophication tolerant species
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Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD
Copepoda 1.46 Amphipoda 1.39 Oligochaeta 1.67 Ostracoda 1.44
Amphipoda 1.31 Copepoda 1.22 Amphipoda 1.02
Taxonomic level: 
 Garonne and Ebro Rivers Amphipoda and Copepoda were the taxa that contributed the most to dissimilarity
betwwen land use types (agricultural vs. forest uses)  These taxa were more abundant in forest land uses
 Bidasoa River Oligochaetamore abundant in agricultural land uses  eutrophication tolerant species
 Tajo River Ostracodamore abundant in forest land uses  species adapted to lentic waters
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Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD
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FFG Diss/SD FFG Diss/SD FFG Diss/SD FFG Diss/SD
Deposit feeder 1.60 Deposit feeder 1.44 Deposit feeder 1.38 Deposit feeder 1.54
Predator 1.52 Shredder 1.43 Shredder 1.24 Scraper 1.09
Shredder 1.25 Scraper 1.36 Absorber 1.33 Predator 1.04
Predator 1.34 Filter feeder 1.57
Absorber 1.34 Predator 1.47
Parasite 1.41
Scraper 1.37
Introduction Objectives Methods ConclusionsResults ‐Wetland creation Results ‐ Land use change
GROUNDWATER MACROINVERTEBRATE COMMUNITY
83
















Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD Taxa Diss/SD
Copepoda 1.46 Amphipoda 1.39 Oligochaeta 1.67 Ostracoda 1.44

















FFG Diss/SD FFG Diss/SD FFG Diss/SD FFG Diss/SD
Deposit feeder 1.60 Deposit feeder 1.44 Deposit feeder 1.38 Deposit feeder 1.54
Predator 1.52 Shredder 1.43 Shredder 1.24 Scraper 1.09
Shredder 1.25 Scraper 1.36 Absorber 1.33 Predator 1.04
Predator 1.34 Filter feeder 1.57




 Deposit feeder the most abundant FFG in all the rivers and the group that contributed the most to 
dissimilarity between land use types
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…. what is the effect of increasing the forest surface?
+ ↑ Riparian forest surface 
Taxonomic diversity indices (Abundance, Richness, Shannon diversity)
Functional diversity indices (Richness, Shannon diversity)
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Linear Mixed Effect models (LME)
Random factors:
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 Forest use surface had a positive 
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 Phosphates, dissolved oxyygen and
water temperature had a negative









Increase the taxonomic and functional diversity
of groundwater invertebrate community
Improve groundwater quality
Increase the ecosystem services provided by
the groundwater invertebrate community
Summary:
Introduction Objectives Methods ConclusionsResults ‐Wetland creation Results ‐ Land use change
¿Does the recovery of riparian forest uses improve the structure and functionality
of degraded floodplains?






















































1. In the Middle Ebro river‐floodplain, the construction of wetlands improves structural and
functional aspects of a degraded floodplain, at the short‐ and medium‐term.
Constructed wetlands showed better water quality than existing natural wetlands, which
were in a degraded status as a consequence of human pressures.
Concentration values of total organic carbon, total organic matter, total nitrogen, total
phosphorus and total suspended solids were two‐times lower in constructed wetlands
than in degraded natural wetlands.
1.1.
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Aquatic macroinvertebrates showed significantly higher abundance, taxonomic richness
and functional diversity in constructed wetlands than in degraded natural wetlands.
The low nitrogen content and greater heterogeneity of new habitats in constructed
wetlands favoured the arrival of pioneer and opportunistic species (e.g. Odonata,
Pulmonata and Ephemeroptera) to the floodplain. These species showed high dispersal
and reproduction capacities as well as a greater diversity of feeding habits, increasing the
presence of shredders and scrapers in the floodplain.
However, the high phosphorus and organic matter content in degraded natural wetlands
allowed the development of eutrophic tolerant species only, with feeding habits based
on fine particles and microorganisms, resulting in communities characterised by high
abundance of individuals but low diversity.
1.2.
Introduction Objectives Methods ConclusionsResults ‐Wetland creation Results ‐ Land use change
96
Net ecosystem production rates were seven times lower in constructed wetlands than in
degraded natural wetlands.
This fact was associated to the lower organic matter, nitrogen and dissolved solids content
in constructed wetlands in comparison to degraded natural wetlands.
Constructed wetlands contributed four times less in methane emission into the
atmosphere than degraded natural wetlands.
The lower turbidity and lower content of organic matter, nitrates, phosphate and
chlorophyll a in constructed wetlands were some of the reasons of their lower greenhouse
gas emission. In addition to this, the hydrological isolation of wetlands with the main
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2. The expansion or creation of riparian forest corridors as a tool for ecological restoration
enhances structural and functional aspects in the Middle Ebro River floodplain and other
floodplains of the southern Europe deeply disturbed by agricultural practices.
The recovery of riparian forest in degraded floodplains improves the water quality of
the alluvial aquifer.
Concentrations values of dissolved oxygen, nitrates and sulfates in the alluvial aquifer
were two times lower in floodplain areas occupied by riparian forest uses than in
areas occupied by agricultural uses; while conductivity recorded significantly higher
values in areas occupied by riparian forests.
2.1.
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The macroinvertebrate community of alluvial aquifers showed significantly higher
taxonomic and functional diversity in floodplain areas mostly occupied by riparian forests
than in areas occupied by agricultural uses.
Specifically, values of taxonomic and functional diversity indices increased linearly with
the percentage of floodplain surface occupied by riparian forest.
The higher content of dissolved organic carbon, nitrates and sulfates in the alluvial aquifer
of floodplain areas occupied by riparian forest also favoured greater values of taxonomic
and functional diversity. These conditions allowed the development of crustaceans (e.g.
Copepoda and Amphipoda) that have a great diversity of feeding habits, increasing the
presence of shredders, filter‐feeders and scrapers in the alluvial aquifer.
In contrast, the high phosphate content in the alluvial aquifer of floodplain areas occupied
by agricultural uses only allowed the development of eutrophic tolerant species (e.g.
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Ecosystem services related to particulate organic matter breakdown and biogeochemical
filtration capacities in the alluvial aquifer showed two‐fold values in floodplain areas
occupied by riparian forest than in areas occupied by agricultural uses.
This fact was associated not only with the increase of floodplain surface occupied by
riparian forest but also to the greater content of phosphates in these areas.
2.3.
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3. The inclusion of different structural and functional aspects in all steps of a floodplain
restoration project at short‐, medium‐ and long‐terms, as well as the floodplain assessment as
a whole, including surface and groundwater environments, optimize and reinforce the
probability of success of a restoration floodplain project.
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